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On March 19-20, 1974, the Diurnal Tidal Variation Experiment was
conducted. This experiment involved the launch of 77 meteorological
rockets in a 24-hour time period. These rockets were launched from
eight different launch sites located in six different countries. The
launch sites were located roughly along 70°W longitude and extend
from Fort Churchill, Canada (59°N) to Mar Chiquita, Argentina (38°S).
this coordinated experiment was made possible through the cooperation
and participation of the Centre National d' Etudes Spatiales in France,
the Comision Nacional de Investigaciones Espaciales in Argentina, the
Institute de Pesquisas Espaciais in Brazil, and the Department of
Defense and the National Aeronautics and Space Administration in the
United States. Mr. Ernest Fisher, Headquarters, 6th Weather Wing,
Andrews Air Force Base, Maryland, and Mr. Norman J. Beyers, Atmospheric
Sciences Laboratory, White Sands Missile Range, New Mexico were
especially helpful in providing for the launches from the DOD sites.
Joseph R. Duke
NASA Meteorological Rocket Networks
Project Manager
Wallops Flight Center
Wallops Island, Virginia 23337
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SUMMARY
An experiment initiated by NASA Wallops Flight Center called for the launching of
meteorological rockets from eight selected launch sites of the Western Hemisphere. The
launchings took place during the equinox of March 19-20, 1974, when temperature and wind
data were obtained from 70 small rocket systems. A unique advantage of this experiment
was that only one type of wind and temperature sensor was used at all sites, thus improving
observational compatibility between the individual measurements and between measurements
obtained from different launch sites. It was planned to conduct a harmonic analysis of the
data based on equally spaced observations at three-hour intervals over 24 hours; however,
because of bad weather and systems failures, equally spaced observations could not be obtained
at all locations, thus, other analysis techniques will need to be utilized. This unique data
set will, for the first time, permit an examination of tidal variability with latitude.
INTRODUCTION
During the equinox of March 19-20, 1974, temperature and wind data were obtained from 70
small meteorological sounding rockets launched from eight selected launch sites in the
Western Hemisphere, These launch sites extended from Fort Churchill, Canada (59°N), to
Mar Chiquita, Argentina (38°S). Table 1 gives a complete listing of the launch sites
involved and the altitude of temperature and wind observations successfully completed. The
rocket motor used was either the Loki or Super Loki and the temperature sensor was the loop-
mounted thermistor (Ref. 1). This loop-mounted sensor has been found capable of providing
temperature measurements repeatable to about 1°C (Ref. 2).
0
 - National Weather Service, NOAA, Wallops Flight Center, Wallops Island, VA
* - Institute de Pesquisas Espaciais (INPE), Sao Jose dos Campos, SP, Brazil
+ - Argentine Meteorological Service, Buenos Aires, Argentina
TABLE 1


































































































































































































































































































































































































































































































































NASA Wallops Flight Center initiated and coordinated the cooperative experiment. In
order to meet the experiment data requirements, Wallops Flight Center launched Super Loki
and Loki systems from Wallops Island (38°N); provided Super Loki systems, launch crew, and
telemetry equipment for the Kourou (5°N) launchings; and provided Loki Datasonde systems for
launching from Natal, Brazil (6°S), and Mar Chiquita, Argentina (38°S). The launchings from
Natal (6°S), were made with the cooperation of the Institute de Pesquisas Espaciais (INPE)
and the Brazilian Air Force while those launched from Mar Chiquita were made with the coop-
eration of the Comision Nacional Investigaciones Espaciais (CNIE) and the Argentine
Meteorological Service. The U.S. Dept. of Defense cooperated by providing flight systems
and launchings from Ascension Island (8°S), Ft. Sherman (9°N), Antigua (17°N), and
Ft. Churchill (59°N). These soundings were made as part of the Cooperative Meteorological
Rocket Network (CMRN) and the Experimental Inter-American Meteorological Rocket Network
(EXAMETNET). The component winds and temperature data obtained from these rocket
observations are presented here.
The study of tidal oscillations in the atmosphere has been going on for over a hundred
years. Only within the last two decades have scientists been able to make in situ measure-
ments of the upper stratosphere and lower mesosphere through the use of meteorological
rockets. This technique has provided significant information on certain aspects of tidal
behavior; however, the results obtained are relatively inexact for a number of reasons.
Chief among these was the use of different instruments which, for one reason or another,
did not provide comparable measurements. A few specifically designed tidal experiments
were carried out by a small number of researchers (Ref. 3, 4, 5, 6) but, unfortunately,
the results obtained were somewhat controversial. Other investigators using routinely
available Meteorological Rocket Network data compiled results using the wind data
(Ref. 7, 8, 9). In these studies, attempts were made to discern tidal information about
the temperature structure, but these studies were mostly unsuccessful. However, one study
(Ref. 10) used wind data published for White Sands Missile Range, Cape Kennedy, and
Ascension Island, and were grouped according to two-hour intervals. While this study was
apparently successful in providing tidal information on the meridional wind, it did not
provide any information on the other parameters or on the latitudinal distribution of the
tides.
The theoretical distribution of the tidal phase and amplitude for each 15 degrees of
latitude has been described by Lindzen (Ref. 11). This work advanced the theory of thermal
tides using very meager supporting measurement data. One important aspect of tidal motions
is their role in forcing semi-annual variations in the temperature and zonal wind. Lindzen
(Ref. 12) suggested that the semi-annual oscillation of the zonal wind may be caused by
interaction with tidal motions. Meyer (Ref. 13) successfully verified Lindzen's hypothesis
in a numerical study using Lindzen's (Ref. 11) theoretically computed tidal components.
Although the present experiment is for one day only, it gives, for the first time, a
latitudinal resolution of temperature and wind data from which tidal components and the
divergence of eddy momentum and heat flux due to tidal motions can be calculated. Such
calculations might give information regarding the orders of magnitude of momentum and
heat fluxes.
THE MEASUREMENTS
In order to study the latitudinal variation of the tides, eight launch sites in the
Northern and Southern Hemispheres participated in this experiment. Launchings were
scheduled every three hours from these sites in order to compare results. The time of
the experiment was selected for March 19-20, 1974, when the sun would be over the
equator and, therefore, irradiating each hemisphere equally. The assumption was made
that at similar latitudes north and south of the equator the magnitude and phase of the
diurnal wave would be the same. This assumption is supported by the work of Lindzen
(Ref. 11).
One important aspect of the measurements was the instrumentation. Recently, within
the Unites States, a single instrument type, the Datasonde, is being used at all the
launch sites. The corrections used for temperature and wind data (Ref. 14, 15) has
resulted in improved observational compatibility between the ranges and increased
confidence in the measurements. This same instrument is currently being used at the
Brazil and Argentina launch sites as part of the EXAMETNET program. This instrument
is described in Ref. 1 and, from an experiment designed to investigate the instrument's
repeatability and reliability (Ref. 2), it was determined that the Datasonde instrument
is capable of repeatable measurements to about 1°C.
In order to properly apply harmonic analysis techniques, it was desired to launch
at equally spaced intervals of time. During the observational phase of the experiment,
most launchings occurred within a few minutes of the scheduled times; however, bad
weather or systems failures caused missing data, and in some instances required backup
launchings. For those sites which did not achieve equally spaced launchings, harmonic
analysis techniques are being replaced with regression analysis.
Corrections to the temperature data have been applied following the method of Krumins
and Lyons (Ref. 15). For those sites with digital capability, the corrections were
applied in the computer. Those launch sites which depend solely on manual techniques used
a manual correction method which is comparable to the digital technique. Wind data are
corrected only for those sites having digital capability. The appendix presents tabulations
of the temperature and wind data with graphs of these data. Corrected or uncorrected
component winds are so labeled. It should be noted that there is essentially little
difference between corrected and uncorrected winds below about 60 Km.
Wallops Flight Center
National Aeronautics and Space Administration
Wallops Island, Virginia 23337
September 16, 1975
APPENDIX
This Appendix contains lists of tabulated temperature and wind
data with corresponding graphs.
LAUNCH SITE Mar Chiauita. Arg. 87689 LAT. 37.8 S LONC. _57.4_W
DATE March 19, 1974
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